A pulsed high voltage was used to remove microorganisms in drinking water. The effects of the pulsed high voltage on pH, conductivity, temperature and oxidation reduction potential (ORP) of the drinking water were investigated. The observed results show that the removal efficiency with respect to fecal coliforms and total coliforms increased with the increase of the pulsed high voltage. The removal efficiency for microorganisms such as fecal coliforms and total coliforms was in the range 25-100% and 44-100%, respectively, after the water was exposed to a pulsed high voltage of 5-10 kV for 60 minutes. An increase of the pulsed high voltage caused a decrease in the conductivity and ORP with operational time.
Introduction
The occurrence of water pollutant contaminants such as microorganisms has been investigated in ground water from Padang City [1] . Ground water is one of the sources of drinking water in Padang City. The presence of microorganisms in particular can have serious consequences, especially for vulnerable members of society such as children or the elderly. Fecal coliforms are a universally used indicator for fecal contamination that has been found to migrate through soil. Conventional water treatment processes, including coagulation/flocculation, sedimentation, filtration and disinfection processes particularly target the removal of colloidal particles from raw water. Such upstream treatment processes prior to disinfection are less effective in removing small-sized water microorganisms.
Many studies have been carried out to investigate the removal of microorganisms from drinking water and surface water using fixed-bed filtration systems [2, 3] or membrane filtration [4] . High removal efficiencies (from 99% to complete removal) can usually be achieved through various mechanisms, such as adsorption and inactivation, depending on filter media characteristics and local climatic conditions. In most cases, removal efficiency tends to increase as the particle deposition gradually increases along the filtration period, due to decreasing filter media porosity and an increase of the specific surface area for adsorption, until breakthrough of the deposited particles from the filter takes place.
Non-thermal plasma generated in electrical discharges in a liquid, or at the gasliquid interface, leads to the formation of oxidizing species, both radicals (H + , O -2 , OH -) and molecules (H 2 O 2 ,O 3 , etc.) [5] , that are effective for the removal of organic pollutants. Krause et al. [6] used a corona discharge over water in order to remove micropollutants and obtained almost 100% conversion after a 30-minute plasma treatment with a power of 500 W introduced in the plasma. Gerrity, et al. [7] have suggested that non-thermal plasma may be a viable alternative advanced oxidation process (AOP) due to its comparable energy requirements for water pollutants degradation and its ability to operate without any additional feed chemicals.
For their investigation of pulsed discharge plasma for treating pollutants in water, Clements, et al. [8] used a discharge system with needle-to-plate electrodes in order to study the relation between the generation of streamer discharge, spread length of streamer, varieties of active species, pulse polarity and solution conductivity. Sato, et al. [9] have investigated the influence of solution conductivity and discharge energy on the production of active species (OH -, H 2 O 2 ) in a needle-to-plate electrode reactor used to kill microorganisms. Sugiarto [10] obtained the degradation efficiency of organic pollutants in water in different discharge states of a needle-to-plate electrode system. Li, et al. [11] also reported that the degradation efficiency of phenol in water increased with the increase of the pulsed peak voltage and treatment time. Although these discharge plasma reactor systems have a higher removal efficiency for organic pollutants, there are still many problems that need to be investigated before industrialized application of pulsed discharge plasma in wastewater treatment/disposal can be realized, such as the oxidation of discharge affecting the removal efficiency of microorganisms.
Materials and Methods

Source of Water
Desmiarti, et al. [1] have investigated three water samples from ground water around Kuranji. They found that the water contained a high level of microorganisms. Accordingly, water samples were collected from one of the ground water sources in Kuranji Padang, West Sumatra, Indonesia. The samples were taken three times, transported to the laboratory and used directly for the experiments. The water quality is displayed in Table 1 . 
Experimental Setup
The schematic diagram of the experimental system for removal of microorganisms with a pulsed high voltage is illustrated in Figure 1 . A stationer spark gap was used to generate the pulsed high voltage. The pulsed streamer discharge occurs between the needle-plane electrodes, where a pulsed high …… . voltage is applied to the needle electrode. The plasma reactor was made of Plexiglas having an inner diameter and height of 10.4 cm and 8 cm, respectively. The needle-to-plane electrode system was used with a separation distance of 7 mm. The needle electrode was made of 1 mm diameter stainless steel and the plane electrode was made of 10.4 mm diameter stainless steel. The volume of the water sample in the reactor was 500 mL.
Measurement Methods
Fecal coliform and total coliforms were analyzed by most probable number (MPN) using five multiple tubes, the number of coliforms expressed as MPN/100 mL (APHA, 2005). In addition, ORP, pH and conductivity were analyzed using an ORP meter (HI 98120), pH meter (HI 98107) and conductivity meter (HI 98303), respectively, by Hanna.
Result and Discussion
Discharge Characteristics
A pulsed high voltage generator with spark gap was used. The pulsed high voltage was formed using a capacitor 1.2 nF, 50 Hz, 5-10 kV. The pulsed high voltage and current were measured using an oscilloscope (PicoScope 4424) with a high voltage probe (Textronix P6015A) and Rogowski coil, respectively. The typical waveforms of the pulsed high voltage and current in the plasma reactor are shown in Figure 2 . The waveforms have a rise time of several nanoseconds. The pulsed high voltage generated discharged enough energy to produce active species (OH -, H 2 O 2 ) that killed microorganisms in the plasma reactor.
Profile of pH, Conductivity, Temperature and ORP
In order to investigate the use of pulsed discharge plasma for the removal of microorganisms, the effects of the pulsed high voltage supplied to the plasma reactor on pH, conductivity, ORP and temperature of the water sample were investigated as shown in Figure 3 . The effect of the pulsed high voltage on pH is shown in Figure 3(a) . This figure shows that the pulsed high voltage had little effect on the pH value of the water (0.1-0.2). A higher pH solution is favorable for producing H 2 O 2 , and H 2 O 2 can improve the removal efficiency of microorganisms. The results obtained in these experiments show that the pH tended to be relatively more basic after the pulsed high voltage was applied to the plasma reactor. This makes the system suitable for the removal of microorganisms in the water, as supported by Li, et al. [11] . Future studies are needed to study the effects of pH on the removal of microorganisms. Conductivity is an easy and quick way to detect changes in the total ion content. The trend of conductivity with treatment time, by changing the pulsed peak voltage injected into the reactor, is shown in Figure 3(b) . The conductivity decreased with slight changes in the pulsed high voltage. The average conductivity was 136.3, 134.3 and 132 µS/cm for a pulsed high voltage of 5, 7.5 and 10 kV, respectively. Due to the differing initial temperature it was different for each run. The average temperature was 28, 27.5 and 26.3 °C for a pulsed high voltage of 5, 7.5 and 10 kV, respectively. Because of the occurrence of a temperature rise at a voltage of 10 kV (see Figure 3(c) ), the system encourages mineral salts to attach themselves to the electrodes. This led to scale formation on the surface of the electrode.
In addition, ORP was typically measured to determine the oxidizing or reducing potential of the water samples. This indicates possible contamination, especially by industrial wastewater. As displayed in Figure 3(d) , the ORP decreased with time after running for 60 minutes. The average ORP was 183, 204.4, 214.9 for a pulsed high voltage of 5, 7.5 and 10 kV, respectively. Comparing the ORP with the initial conditions (213 mV), there were slightly changes, especially for 10 kV. However, it is clearly seen that the values tended to decrease with operational time as compared to 0 minutes, with a low kV having a very strong effect on lowering the ORP, as shown in Figure 3 (d). Figure 4 shows the removal efficiency of microorganisms of the experimental system. The results indicate that removal efficiency increased by enhancing the pulsed high voltage supplied into the reactor after running for 60 minutes. Removal efficiency of microorganisms as fecal coliforms was 25, 58 and 100% for pulsed high voltages of 5, 7.5 and 10 kV, respectively. The removal efficiency of microorganisms as total coliforms was 44, 48 and 100% for pulsed high voltages of 5, 7.5 and 10 kV, respectively. 
Removal of Microorganisms
Conclusion
Microorganisms in water were removed effectively by a pulsed high voltage plasma system. The obtained results show that the pH of the drinking water produced was in the range 6.2-6.4. Increasing the pulsed high voltage caused a decrease in the conductivity and ORP with operational time. A pulsed high voltage of 5-10 kV supplied to the water for 60 minutes showed a removal efficiency for fecal coliforms and total coliforms in the range of 25-100% and 44-100%, respectively.
